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Abstract 

Slurry phase heterogeneous catalysts for processes such as Fischer-Tropsch (P-T) synthesis must exhibit a high degree of attrition 
resistance. The precipitated Fe-Cu catalyst used for F-T synthesis is quite weak in its as-prepared state. Spray-drying yields spherical 
particles which show some improvement in attrition resistance. However, the formation of fines (< 5 \im) in this powder shows that it is 
not suitable as a slurry phase catalyst. In this paper, we report on the use of a silica binder to improve the strength of spray^dried 
agglomerates. The atrrition resistance was measured using ultrasonic fragmentation followed by sedigraph particle size analyisisi(TIie 
attrition strength of the iron oxide catalyst agglomerates was compared to that of a commercial alumina powder, winch was usea-as a 
reference material. The role of calcination (before or after spray-drying) and the method of silica binder addition (before or after 
spray-drying) was investigated O 2000 Elsevier Science S.A. All rights reserved. ||(- 
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1. Introduction 

This work is directed towards synthesis of iron oxide 
catalysts for Fischer-Tropsch (F-T) synthesis, a reaction 
that allows conversion of coal or natural gas into liquid 
fuels. For coal conversion, Fe catalysts are preferred since 
they can operate at the lower H 2 /CO ratio in coal-derived 
syngas. These iron oxide catalysts are prepared by co-pre- 
cipitation of iron and copper salts. Potassium is used as a 
promoter to improve catalyst selectivity. The preferred 
reactor type is a slurry phase bubble column which re- 
quires spherical catalyst agglomerates 50-70 u.m in diam- 
eter. Since the products of F-T synthesis are liquid hydro- 
carbon waxes, separation of product from the catalyst 
requires that the catalyst agglomerates be attrition-re- 
sistant. 

In a previous study [l], we reported a comparison of 
two approaches used for measuring the atrrition strength of 
catalyst agglomerates. Ultrasonic fragmentation coupled 
with panicle size distribution measurements was found to 
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be more sensitive to differences in catalyst strength than 
the conventional approach involving uniaxial compaction. 
Recently, Oukaci et aL [2] compared cobalt-basedl^^J 
catalysts for their attrition using jet cup, ultiasoundj^nd 
slurry bubble column tests. They showed that, %ithin 
experimental error, the relative' attrition behavior "q£-lll 
three tests matched well amongst each other. The 'ultra- 
sonic fragmentation technique, working with small simple 
size, can actually give a very good indication of attnnbn 
resistance. 

Using the ultrasonic fragmentation approach [3,4], we 
were able to show that a plate-like kaolin binder <fi& nbt 
impart any additional strength to a precipitated iron cjata- 
lyst, that was otherwise weak and easily susceptible' to 
attrition. As revealed by transmission electron rnicrost^opy 
("TEMX the kaolin and Fe F-T catalyst occurred asffoy<> 
distinct phases which, due to their plate-like structure^ did 
not connect to create strong interlocking forces bef$£6£ 
them. • 

We have therefore explored the role of other 61 



morphologies to provide improved attrition resistance|jfpt 



Fe F-T catalysts. We have worked with silica becaust :t is 
the preferred choice as a 'support for obtaining better 
product selectivity and activity in F-T synthesis&V/fe 
report here a study of factors that determine the strength 'Of 
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spray-dried agglomerates. When agglomerates are formed, 
binders are often used for the process.' Binders play several 
roles, such as in controlling the release of drugs via a 
coating process, or in strengthening brittle materials. For 
example, Nikolic and Radonjic (5] used a sol-gel silica 
coating [6] to strengthen an alumina substrate. Bergna [7] 
prepared attrition-resistant porous particles by spray-drying 
slurries made of mixtures of micron-sized particles and 
discrete nanoparticles. These nanoparticles- migrated to the 
periphery of the spray droplets where they coalesced to 
form a shell. 

Several factors can h2ve an effect on the strengths of 
agglomerates. Horisawa et al. [8] found that for their 
sample powders with polymer binders, the surface polari- 
ties of both powders and binders, as well as the degree of 
polymerization of the binder were important factors in 
determining the strength of granules. Bortzmeyer and 
Goimard [9] investigated three different CaC0 3 powders 
and found that no coirelation was observed between the 
attrition rate and the mechanical properties (tensile strength, 
fracture energy, etc). However, a correlation between 
attrition rate and surface roughness was observed. The 
factors we have explored in this study include the method 
of silica addition, and the effect of calcination on the 
strength of spray-dried agglomerates prepared from precip- 
itated iron oxide. 



2. Experimental 

A precipitated Fe-Cu catalyst (64.80% Fe, 6,24% Cu 
by ICP based on dried weight) in its wet form (labeled 
PRFECU-ED20 1 24) was used for the experiments. The 
starting materials were the nitrates of Fe and Cu, and 
NH4OH. Solutions of Fe-Cu nitrate and NH 4 OH were 
mixed at 80°C in a continuous flow through mixer, causing 
the iron oxide to precipitate out The product catalyst was 
discarded until the pH" was between 6-8 and 7.2. The 
catalyst was then collected in a filter funnel, and the filter 
cake was pumped down to being wet but not cracked. 
Samples of the filtrate were obtained; a pH and brown ring 
test were perfonned for each sample to ensure that the pH 
remained near 7.0 and that traces of nitrate ions were 
removed from the catalyst, respectively. The cake was 
removed and then resuspended in hot water. After filtering 
the slurry, samples of the filtrate were obtained for pH and 
brown ring testings. After the brown zing test was nega- 
tive, the filter cake was pumped moist. Finally , once the 
precipitated Fe-Cu catalyst was 6xy enough to remove it 
off the filter, the catalyst was suspended in deionized H 2 0. 

In a typical run, 100 ml of the precipitated Fe-Cu 
catalyst was ultrasonicated at an amplitude of 20 for 2 min 
to break up any loose agglomerates. A Tekmar 501 ultra- 
sonic disrupter (20 kHz ±50 Hz) equipped with a VIA 
hom and a 1 /2-in- probe tip was used for the ultasonica- 
tion process. The sample was then mixed with 11 ml of 



potassium silicate solution (KASIL®#I; PQ), to obtain a 
silica loading of 25 wt%. Dilute nitric acid (0.1 N; XT. 
Baker) was added dropwise while the shiny was stirred 
' until the pH was about 7. Deionized water was added to 
prepare 250 ml of slurry, and the mixture was stirred for 
= 10 min. A Buchi 190 mini spray dryer was used to 
spray-dry the sluny. 

The mini spray dryer made it easier to test several 
compositions in small batch sizes. The inlet temperature, of 
the spray dryer was over 200°C with the outlet beiiig 
maintained over 100°C. Tie powder was collected in a 
cyclone trap and then analyzed using a Sedigjaph 5100 
particle size analyzer and scanning electron microscope 
(SEMX 

In another run, 200 ml of PRFECU-ED20-124 #as' 
ultrasonicated at an amplitude of 20 for 2 min. Deioniied 
water was tfcen added to prepare 250 ml of slurry, the' 
slurry was spray-dried, and the dried Fe-based catalyst was 
collected in a cyclone trap. The sample was then mixed 
with 11 ml of potassium silicate solution and deionized 
water to prepare 250 ml of slurry, and the final mixture; 
was spray-dried . * 

Other runs involved performing the procedure where a 
slurry of precipitated Fe-Cu catalyst and potassium sift- /' 
cate was spray-dried, followed by calcining the sample^ 
300°C for 2 h to see if there was any additional strength 
imparled to the sample, or calcining the Si0 2 -comairiing> ; - 
catalyst first followed by adding deionized water to prje^V 
pare 250 ml of sluny, and then spray-drying the slurry! 'to, 
see if there was any additional strength imparted to .th£; 
sample. The Si0 2 -containing catalyst was prepared by first) 
mixing precipitated Fe-Cu catalyst with potassium siHciie; 
solution and adjusting the pH to 7. The mixture y0f ' 
filtered using a Buchner funnel to form a wet cake. T$e^ 
cake was dried overnight, and the dried product was 
ground to form a powder. i - " ' 

Our synthesized precipitated Fe F-T catalysts were then ' 
compared to a VISTA alumina powder (VISTA-B-9S5-- 
500C). The starting alumina from VISTA was sieved and v 
calcined in air at 500°C. While this al umin a is not preparedf 
by spray-drying, it is useful as a reference material since;it., 
was being considered as a support for Fe-Cu catalysts 'm , 
the work of McDonald et al. [10], 

3. Results 

Fig. 1 shows a TEM image of the primary particles for . 
the precipitated Fe-Cu catalyst precursor. The catalyst, to 
its as-prepared state, was ultrasonicated beforehand -td- 
break up any loose agglomerates. Roughly spherical parti-^ 
cles are seen, with an average size of 80 nm. Fig. 2 shov^' : 
a cumulative mass distribution plot of mass finer (%) vs.f • 
equivalent spherical diameter (ESD) for the precipitate^ 
Fe-Cu catalyst, as-prepared. Also shown in this plot is tfig. ; 
influence of ultrasonic irradiation on the particle sL& 
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Fig. 1. TEM of a precipitated Fe-Cu catalyst' precunei. The catalyst 
consists of roughly spherical primary particles, with an average particle 
size of SO rin. 



distribution. This caialyst agglomerate is weak with a 
broad particle size distribution. Both fracture and erosion 
occur during ultrasonic fragmentation, and the generation 
of fine particles below 5 p.m may not be acceptable for 
slurry F-T reactors. Fig. 3 shows a cumulative mass 
distribution plot for the same catalyst which was spray- 
dried, but without a binder. Spray-drying improves the 
attrition resistance of the Fe catalyst, and there is a more 
uniform particle size distribution. However, ultrasonication 
causes an increase in the fraction of particles below 5 p.m % 
suggesting that the catalyst is still not resistant to erosion. 



PRFECU-ED2CM24 
(as-prepared) 
Ampfrtude=20 




o-f r Lh K >H> a _ 0 o£2P 

100 is i 

Equivalent Spherical Diameter (um) 



Fig. 2. Sedigraph particle size distribution of a precipitated Fc-Cu 
catalyst, as-prepared. There is both fracture and erosion of particles after 
25 min of ultrasonic fragmentation, indicating that the catalyst is weak. 
Furthermore, ihc catalyst has a broad particle size distribution. 



PRFECU-ED2CM24 




Fig. 3. Sedigraph particle size distribution of a spray-dried tireapitared 
Fe-Cu catalyst Spray-drying improves the attrition rcsisiancel- of \ : the 
caiaryst, and there is a more unirorm particle size distribution, A 



Kg. 4 shows a cumulative mass distribution plqt$fcx a 
precipitated Fe-Cu catalyst/potassium silicate mixtuire&al 
was directly spray-dried. The addition of the SiOj ifcuKpsr 
further improved the attrition resistance of the catalystfand 
now we see little of the fine particles below 5 jim af^ 25 
nrin of ultrasonic irradiatioiL The median particle size (j« : 8 
p,m) is smaller than that desired for a commercial F^T 
process (50-70 p.m); however, this represents a limMrirjn 
of our bench-top spray dryer. Nevertheless, we have shdwn 
that by using a- spray-drying technique, we could produf^a 
more attrition-resistant Fe F-T catalyst Hg. 5 showman 
SEM image of the spray-dried agglomerates. Based ori-the 
length scale, very few particles bigger than 10 pife are 
seen in this image. This was traced to a bias in ftelSEM 
sampling procedure, which skews the particle size distrit|^ 




Hg. 4. Sedigraph panicle size distribution of a spray-dried pxedpittted; 
Fe-Cu catalyst containing silica, No erosion below 5 u.xa has octiMed: 
after 25 rain of ultrasonic irradiation. Addition of silica further imrxr>yes 
its attrition resistance, v. 
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fig. 5. SEM image of the spray-dried precipitated Fe-Cu catalyst con- 
taining silica. Tic agglomerated particles are roughly spherical, typical 
for a spray-drying process. 



nous to smaller sizes. Smaller particles tend to stick to the 
carbon tape on the SEM stub more favorably than larger 
particles. The larger particles are more likely to come off 
the carbon tape when the SEM stub is shaken to remove 
excess particles. To verify the presence of larger particles, 
the catalyst was first sieved using a standard testing sieve 
having pore openings of 38 fim, and the remaining large 
particles were used for the SEM analysis. Fig, 6 shows an 
SEM image of the same catalyst. Large size particles are 
seen in Fig. 6 that are not seen in Fig. 5, The larger 
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Fig. 6. SEM image of the spray-dried prcdpiiaied Fe-Cu caraJyst con- 
taining silica. Large particles were obtained by sieving with a standard ' 
testing sieve having pore openings of 3S u.m. 



particles in Fig. 6 are less spherical than the smaller 
panicles in Eg. 5. probably due to the limitations of0jk 
spray dryer. 

The panicle size distributions obtained via sedimenta- 
tion are not easily compared with the SEM images, first, 
the particles on the carbon tape tend to overlap. 'Wis 
difficult to detennine whether a panicle sitting on top, of 
another particle is an individual particle, or pan of an 
agglomerate. Second, in sedimentation theory, non-spheri- 
cal panicles are specified in terms of **ESD", i.erfthe 
diameter of a sphere that would have ihe same sedimenta- 
tion velocity. With the irregular shaped particles seisin 
the SEM, it is not obvious how the particle size seen ffi ffiie 
image can be converted to an ESD. Third, sec?'^ * 



particle size analysis samples a large cross-section of -fie 
particles, whereas SEM provides localized infbnnatioI|fp 
get good statistics, one would have to count hundred jpf 
particles and also guard against any sampling bias. Henc&, 
we found it best to use the SEM mainly to exaaMfc 
particle morphology. 1*f'¥ 
Fig, 7 shows a cumulative mass distribution plot fpr^' 
precipitated Fe-Cu catalyst/potassium silicate inixture;|fiat 
was spray-dried and then calcined at 300 P C. Flg.$fSs 
similar to Fig. 4, suggesting that calcination did not appeal 
to significantly improve the strength of the catalyst Big-Jf 
shows an SEM image of the spray-dried/calcined cat|ly$£ 
These particles have rougher surfaces after calcinatiorf^^ 
those shown in Fig. 4. The median particle diameter 
jim) for the spray-dried/calcined catalyst, according; to 
Fig. 7, was smaller than that for the spray-dried cataly|||t 
is possible that the particles collected after spray-drying 
were not completely dried. The 41 wet" particles w^uI3; 
lose some water during calcination, shrinking the catalyst 
particles. Removal of the water present in the catalyjr isF 

essential before the Fe F-T catalyst is activated for u$$B? 

ri Vir. 

Mm 



PRFECUK-ED20-124 + SI02 
(spray-dried; calcined) 
. Amplituda<>>20 




100 20 

Equivalent Spherical Diameter (jim) 

Fig. 7. Scdisraph panicle size distribution of a precipitated F^w 
catalyst containing silica, which was spray-dried and then calcined/ac 
30O*C The median panicle diameter is smaller than that for the slpfife 
dried catalyst. 
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Fig- 8. SEM image of the precipitated Fe-Cu catalyst containing silica, 
which was spray-dried and then calcined at 300°C. These parti cles have 
much rougher surfaces than the spray-dried catalyst panicles (Fig. 5). 



a reaction run. However, it. is also important that the 
calcination temperature be low enough that no adverse 
chemical reactions (formation of interfacial silicate phases) 
occur between the Fe F-T catalyst and the Si0 2 support. 

Fig. 9 shows a cumulative mass distribution plot for a 
precipitated Fe-Cu catalyst/potassium silicate mixture that 
was first calcined at 300*0 in its dried state before spray- 
drying. No erosion occurred below 5 u.m after 25 min of 
ultrasonic irradiation. The median particle diameter (-23 
u.m) for this catalyst is larger than those for the other two 
synthesized catalysts. The reason is that the catalyst was 
calcined before being spray-dried. Fig. 10 shows an SEM 
image of the calcined/spray-dried catalyst. The particles 

PRFECU-ED20-124 + SIO2 
(calcined; spray-dried) 
AmpltoJde=20 




100 io 1 

Equivalent Spherical Diameter (urn) 



Fig. 9. Sedigraph particle size distribution of a precipitated Fe-Cu 
catalyst containing silica, calcined at 300°C in its dried state before 
spray-diving. No erosion below 5 \im has occurred after 25 mm of 
ultrasonic irradiation. Furthermore, the median panicle diameter is larger, 
compared to the other synthesized catalysts. 




Fig. 10. SEM image of a precipitated Fe-Cu catalyst comairn^Siica, 
calcined at 300°C before spray-drying. These panicles arr not sphmdally 
shaped, and are larger in rizc than the spherically shaped spra^dricd 
particles. i'1H- 



were irregularly shaped, despite being spraynMll^rhe 
irregular shapes must have resulted when the catalystlwas 
first calcined, with the panicle shapes being 
during spray-drying. 

Hg, 11 shows a cumulative mass distribution jMfMr a 
precipitated Fe-Cu catalyst, which was initiaU)|S^y- 
dried, then a potassium silicate solution was added,M&ihe 
mixture was again spray-dried. The ultrasonic frajfeltta- 
tion technique shows evidence for some erosion, stfggiest- 
ing that Si0 2 addition after initial spray-drying mayln$| he 
as effective as the addition before the powder is spray^clned 



PRFECU-ED20-124 + Si02 
(apray-dried PRFECU precursor; 
addition of binder, spray-dried mixture) 
Amplitudes 



ft 




Equivalent Spherical DJamater (urn) 

Fig. 11. Scdigraph particle size distriburion of a precipitated ^Fe|^fcu 
catalyst containing silica. The Fe-Cu precursor was first spriy^cd 
before adding silica, and the mixture was again spray-dried. TlaVcijaya 
is weaker than the other catalysts due to generation of fine parti^esj-by 
erosion, 00' 
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Fig. 12. SEM Image of the precipitated Fe-Cu catalyst containing silica, 
-where the Fe-Cu precursor was first spray-dried before adding silica. 
These particles look similar to the spray-dried catalyst (Kg. 5). 

Hg. 12 shows an SEM image of this caialysL These 
particles looked similar to those in the catalyst that was 
spray-dried after Si0 2 addition (Fig. 5), yet this catalyst 
was .not attrition-resistant to erosion compared to the 
spray-dried catalyst. It is clear that examination of the 
external structure alone is not sufficient for determining 
the strength of the catalyst 

Fig- 13 shows a cumulative mass distribution plot for a 
VISTA alumina, which was used as a reference sample for 
comparison with the precipitated Fe F-T catalysts. The 
median particle diameter (=22 p.m)-is similar to that for 
the calcmed/spiay-dried catalyst However, both the 
VISTA alumina and the catalyst where silica was added 



v1STArB.96W00C 
(Alumina) 
Amplitude^ 




Equivalent Spherical Diameter (urn) 



Fig, 13. Scdigraph particle size distribution of VISTA-B-965-300C sam- 
ple. The starting alumina from VISTA was sieved and calcined in air at 
SOCfC. Very little fracture occurs after 15 min of ultrasonic irradiation, 
although some erosion has occurred. 
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Fig. 14. SEM picture of a VISTA alumina The alumina is non-spheri- 
cally shaped since it is not spray-dried, and is larger in size than ibe 
sph er i c all y shaped predpitated Fe F-T catalysts. : >k 



after first spray-drying the catalyst precursor (Fig; V 11) 
were weaker than the other prepared catalysis. SEM imiage 
(Kg. 14) of the VISTA alumina showed that it consis^rf 
irregularly shaped .agglomerates, since this alumina dig^t 
come from a spray-drying step: The morphology bS'ihe 
qalcined/spray-dried catalyst (Fig. 10) is similar to t^$of 
the VISTA alumina; however, the catalyst appears \^bt 
more attrition-resistant than the alumina, since it showis ho 
erosion during ultrasonic fragmentation. v*'i 




4. Discussion 

In a previous study, Kalaklcad et al. [11] perfom^an 
ultrasonic fragmentation test on a commercial iron oifcje 
catalyst, prepared by United Catalyst (UCI), that di|i|t 
contain a binder. They found that, after 10 min of idtrsi- 
sonic inadiation at an amplitude of 20, the catalyst brp&e 
down completely to the constituent primary panicles, ifuf;, 
the binderless catalyst agglomerate was extremely wfeafe; 
Further evidence by SEM [11] confirmed the break tfg-of 
the catalyst agglomerates after ultrasonic treatment. D^e 
et aL [12] then performed an ultrasonic fragmentation test 
on a similar UCI iron oxide catalyst that contained a kaolin 
binder. They also found that, after ultrasonic treatment at 
the same amplitude and time, the kaolin-containing cata- 
lyst also broke down completely, as confirmed by SEM^It 
was found that even after 1 ™ir> of ultrasonic irradiaudn^i 
the same amplitude, the kaolin-containing catalyst Br§e 
down to the same extent as the binderless catalyst [l]:|f; : : 
It was obvious that the kaolin was not very effecuy|?|s 
a binder. Analysis by TEM [1,12] on the kaolin-contaiffini^ 
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catalyst showed that kaolin and iron oxide catalyst oc- 
curred as two distinct phases after ultrasonic treatment. 
Also, both the kaolin and the iron oxide had a plate-like 
morphology that was not conducive to creating strong 
interlocking forces between the primary particles. Since 
the morphology of the primary particles as well as the 
binder play an important role in controlling agglomerate 
strength, we felt it was necessary to explore other mor- 
phologies to provide improved attrition resistance in these 
Fe F-T catalyst particles. Pietsch [13] has provided an 
excellent overview of the various binding mech anisms 
which may play a rale in agglomerate strength. These 
mechanisms include sinter bridges, chemical reactions, 
liquid bridges which may harden to form solid bridges, 
* electrostatic forces, interlocking forces, and capillary 
forces. 

For this work, we chose silica as a binder because 
precipitated silica* provides vezy irregular structures that 
should be more conducive to creating interlocking forces 
to hold the Fe F-T catalyst together. In the initial experi- 
ments, we used the primary particles from the plate-like 
UQ catalyst and added potassium silicate solution fol- 
lowed by precipitation of the silica. There was' a slight 
improvement in catalyst strength as measured from ultra- 
sonic fragmentation. Changing the morphology of the pri- 
mary particles from plate-like to that of the precipitated 
Fe-Cu catalysts used in this study (Fig. l) we see a 
significant improvement in the strength of this catalyst. 
Therefore, we conclude that the shape of the primary iron 
oxide precursor particles is important in determining the 
attrition resistance of the Fe F-T catalysts. 

When the slurry consisting of the precipirated Fe-Cu 
catalyst and potassium silicate was spray-dried, there was a 
further improvement in catalyst strength. In these experi- 
ments, the slurry was first subjected to ultrasonication to 
break up any loose agglomerates before running into the 
spray dryer. This is to avoid feeding larger particles to the 
spray dryer, which, it has been suggested [13], should be 
used only if an adequate amount of binder is present or 
there are sufficient number of small particles. When we 
examine the strength of the spray-dried precipitated Fe-Cu 
catalyst without any addition of silica binder, we find that 
the agglomerates are still not strong enough for the slurry 
reactor application. It is clear that particle moxphology 
helps, but is not sufficient to make strong agglomerates. 

In the next series of experiments, we investigated vari- 
ous approaches for adding silica to the catalyst precursor. 
The silica was added either before or after spray-drying, 
and the role of a calcination step was also explored. It was 
found that the addition of silica after first spray-drying was 
not effective in imparting attrition resistance to the catalyst 
agglomerates. Furthermore, calcination did not signifi- 
cantly improve the strength. of the spray-dried catalyst. 
However, when calcination was performed before the 
spray-drying step, irregular shaped agglomerates were 
formed. The calcined/spray-dried catalyst particles were 



Table 1 



BET surface area of the precipitated Fe F-T catalysts 



Sample 


Bet surface 
area 


PRFECU-ED20* 124 + SiC^ (calcined; spray-dried) 


224.3 


PRFECU-ED2M24+Si0 2 (spray-dried) 


127.5 


PRFEOJ-ED20-124 + SiOj (spray-dried; calcined) 


158.7 


PRFECU-ED2O124+Si0 2 (spray-dried 




PRFECU precursor; addition of binder;spray-dried mixture) 


813 



non-spherical, yet they exhibited superior attrition resis- 
• tance. The shape of the catalyst particles may be important 
for proper slurry hydrodynamics in a bubble column reac- 
tor. Furthermore, we expect that during operation of stirred 
tank reactor, more erosion would be seen with non-spheri- 
cal particles than with smooth, spherical particles. 

Another parameter that is important in these catalysts is 
the surface area. Powders with high surface areas would 
generally be preferred since the reaction takes place at the 
gas-solid interface. Table 1 gives surface areas for the 
precipitated Fe F-T catalysts, using a BET N 2 adsorption 
analyzer. Of the precipitated catalysts, the calcined/ 
spray-dried catalyst had the highest surface area while the 
lowest surface area was seen in the catalyst where' silica 
wa9 added after initial spray-drying of the catalyst precur- 
sor. We suspect that the silica added after spray-drying 
tends to block access to the interior pores, causing tie drop 
in surface area. In the case of these iron oxide catalysts, it 
is known that they have to be first transformed into 
reduced iron phases, such as iron carbide, which' is the 
active phase for this reaction [14], The phase transforma- 
tions accompanying catalyst activation result in a cfterifical 
anrition of the catalyst [11], which needs to be considered 
when detennining the attrition resistance of these catalysts. 
We have also performed cross-section TEM for studying 
the particle-binder interactions, and to map the internal 
structure of the catalyst agglomerates. These results wflTBe 
described elsewhere [15]. 5 ' 



5. Summary 5 

The precipitated Fe-Cu catalyst, as-prepared, was .weak 
compared to the same catalyst which was sprayl-dn&i 
Spray-drying improved the attrition resistance of the Fe 
F-T catalyst. The role of silica binder addition and calci- 
nation was explored to increase the attrition resistance of 
these catalysts. The precipitated catalysts were compared 
to a VISTA alumina, which was used as a reference 
sample. Ultrasonic fragmentation followed by particle size 
distribution measurements were used to characterize :the 
strength of these catalyst agglomerates. It was found that 
the precipitated Fe-Cu catalyst that was spray-dried but 
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had no added Si0 2 was comparable in strength to the 
alumina reference material, but both were weaker than the 
spray-dried, - caldned/spray-dried and spray-dried/cal- 
cined catalysts. Calcination of the catalyst after spray-dry- 
ing did not impart any additional strength to the catalyst 
We conclude that particle morphology is an important 
parameter determining the strength of spray-dried agglom- 
erates. In this study, the precipitated silica was found to 
provide a morphology that is suitable for holding together 
the primary catalyst particles. Further tests of attrition 
behavior will require the use of reactor tests which will be 
the subject of future work. 
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